S1- COLOR PI CTURE TUBE HAVI NG | MPROVED 2175133 LI NE SCREEN This invention
rehates to color picture tubes of the type having a slit-aperture type-
Shadgginask mounted 5 in close relatioflto a cathodol unmi nescent |ine
screen of the tube and, parti‘cularly, to an inprovenent in the curvature of
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- Recently, several color pictnre'tube
modifications have been suggested. One of these
20 modifications is a new faceplate panel contour concept
~ which creates the illusion of flatness. Such tube
modification is disclosed in our pending Applications
Nos. 2136198A and 21362004 filed.22nd February, 1984,

- 25 - " The faceplate contour of the modlfled
“ tnbe ‘has curvature along both the major and minor axes of
" the faceplate ‘panel, but is nonspherical. The maJor and
minor axes are defined as the central hor1zonta1 and
vertlcal.axes, respectlvely, when the tube is p031t10ned
30 in its normal viewing position. In a preferred embodiment
' ‘described 1n these appllcatlons, the perlpheral border of
. the tube screen is substantaally planar and v1sua11y
appears to be planar. In order to obtaln this planar or
_substantlally planar per1pheral border, it is necessary to
35 form the faceplate panel with a curvature along its major.
"éaxls that is greater at the sides of the panel than at the
- center of the panel. Such nonspherical shapzng of the
faceplate panel ccmplicates certain problems involving



-2- formation of the cathodol um nestent |ine screen.- One such problemis
known as skewing. Skewing is a tilting of theimage of a linear light '
source when it is projected through the «@sk apertures during a N
phot ogr aphi c screening 5 process. Such problemwas solved in the pri or
art. for spherically contoured tubes by curving the phosphor screen lines SO
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at the short € screen FI GURE 1
is a plih suamhewmlhﬁrcontpnrm m i3, mfmatsaoeentnbére ganrthe

~picture tUbe.?B SRELOR gﬂﬁp‘i@%t\vﬁ fﬁé”bub&‘t&%ﬂﬂl ¥! GURE
2is a plan ront vrewo t aceplate of _the col pi cture tube, taken at
line 2-2 of §4xayght limes at the leff} G&t@-ghta'%GRﬁoeﬁdavl ew show ng -

t he 'surface gmgwﬁﬁlyhge&ggggﬁt@; rgﬁﬁg@; the naj or axis, 3a-3a, and v
the m nor axis, 3b-3b, cross sec% qQns_of  Fl GUJ
invention prov:Ldes a screen with
15" improved 11ne curvatures wlu.ch substant:r.ally solve the
skew problem occurr:r.ng dur:.ng the screem.ng process and
which has substantially str_a:_Lg_ht lines at the sides of the -

screen.

20

In accordance with the invention, the
- lines of the screen, in plan front view, first increase in
25 curvature #ith an increase in distance from the minor axis
‘of the screen and then decrease in curvatnre with further '
increase in distance from the mlncr axis, to become
substantlally stralght at the short s1des of the screen.
o . In the drawings- . .
307 - FIGURE 1 is a plan side vzew, partly 1n ax1a1
| 'sectlon, of a shadow mask color pfcture tube 1ncorporat1ng '
one embodxment of the present inventaon. |
FIGURE 2 is a plan front v1ew of the faceplate
of the color plctnre tube, taken at 11ne 2=2 of FIGURE 1.
35" FIGURE 3 1s a compound v1ew showlng the surface
~contours. of the faceplate panel at. the maJor axis, 3a-3a.
and the minor ax;s, 3b-3b cross-sectlons of FIGURE 2.



3- FIGURE 4 is a pl an front VI ew of the shadow mask of the color picture
~tuberof FIGURE 1. FIGURE 5 is-a corrpound vi ew show ng the surface contours
»iof ‘the shadow mask at the mmjor axis, 5a=8a, the 5 ninor axis, 5b-5b, and
t he di agonal , 5c-5c, cross-sections of FIGIRE 4. FIGJRE 6 i s a graph of -
sh@dow nask aperture cal 0- col um aci n of the k .of the col or

pi cttire tube, shown in %ﬂqq#l?n%§ agh BFevé-[?&'cPré hadow jpagk
mask, shown igf dﬂﬁt&cblamqs;cﬁlﬁll?aﬂel afaneukgr g,ed vi ew of the shadow

rrask, taken at-circle RE_4, FlLGUR is a el ecte scr een
lines of the col or pi ct%f%uﬁ% 1§5a compoun% VigW G%h?%f‘nsqto asur '
rect angul ar cgintoyrstef cthebshddowamasl atgithes majwa @xis,l, Saz-dimrl’sheg a

rectangulgar- fnﬁ(iﬁﬁt aéﬁé)argg_ gﬂ? %EUBEE%EQ&CK std scéonpr%g;éj %_/ neI

16. The panel I ses’ a vi e\/\l ng tacepla anid "a per’i ange or
si dewal | 20, %l skaled to the 20 funnel 16 by a glass frit 17. A
novel rectangul ar threepf@ineg ga_{gogobggbﬁeggeghmmk% £ 1S
carried by the-inner surface of the facepl ate . The screen is a line

“screen, w t h SotMmRrIQTRAL Mépeﬁl-%ﬁdﬁgt%nm& Op%ri‘é!q GoLoF (BECHRFR
axi's, Y-Y, oftubes tshewi®Sin doDidelinest handl aperture Ggdcihg inhe

cont our hqQs l,l nes are.di ssed in greater detail below A
novel Iotl-j> %F%#rlgolﬁoﬁl ?Bﬁﬁga @H"S&é or shadow mask 24 is
renovabl y mount ed wi t thEGUEEfzcmlaneeplargeﬂZvn.ewploﬁjdﬂm réihreaibwe peaskl,
reIationtot{ag‘ it F?'Tzc 3 eypel ectron gun 26, shown
schematically ﬁe [ néglﬁfﬁ{g&g 4: Is centrally mounted within the
neck 14 to generate anFIFYRE(8118ecd graphr of 5@&#611:59{\ Acneen rkineg (9f .
copl anar conwg@sldptﬁﬁcﬁﬁgugﬁbéhe mask 24 to the scr een 22.

15..  FIGURE 1 shows a rectangular color picture tube
'hlo having a glass envelope:ll_ comprising a rectangular
”faceplate panel 12 and a tubular neck 14 connected by a

_fnnnel 16. .The panel comprises a viewing faceplate 18 and
_'a per1pheral flange or sidewall 20, which is sealed to the
20_7 funnel 16 by a glass frit 17. A novel rectangular
o three-color cathodolumlnescent phosphor screen 22 is
carr;ed by the Lnner_surface of the faceplate 18. The
‘Screen is a line screen, with the phosphor lines extending
H"somewhat parallel to the minor axis, Y-¥, of the tube
25 _h(normal to the plane of FIGURE 1). The contours of the
' iphosphor llnes ‘are discussed in greater detail below. A
_”novel multl-apertured color selection electrode or shadow
'.mask 24 is removably mounted within the faceplate panel 12
in predetermzned spaced relation to- the screen 22. An

30 _1n11ne electron gun 26, shown schematlcally by dashed .

: ‘lines in FIGURE 1, is centrally mounted within the neck 14
to generate and direct three electron beams 28 along
1n1t1ally coplanar convergent paths through the mask 24 to

_ the screen 22. @ - - - :
35 - The tube ‘10 of FIGURE 1l is de51gned to be used
-'w1th an external magnetlc deflection yoke, such as the
'yoke 30 schematlcally shown surrounding the neck 14 and



35 | The tube 10 of FIGURE 1 is designed to be used with an
ext.ernal nmagnetic deflection yoke, such as the 'yoke 30 schematically shown
surroundi ng the neck 14 and -4- fune@- 16 in the nei ghborhood of t helg {
junction, for subjecting the three beans 28 to vertical and hori zontal .
fagnetic flux, to scan the beams horizontally in the direction of the najor
axi's (X-X) ﬁmnekrls cith | Yhe nnekhghborhdiod otff (trhenfrtjlmq:tnon, afor (Y-Y)

respecti vel r e hows
thepfront 0 iékéi %ﬁ¥gEh§%8IB%§ﬁ&T%e Sﬁipﬁ% %%d ﬁéggggfga;orns a
rectangl e \matqnemcghf t;a:cutoeacgndtbe bawsodxmzqntehbyStnethezz i's 10
shown wi t h Haehad dd N6 tﬁeﬁthﬂ?‘E axisT X160 HED ROEEEEal By r?ﬁt %HQU' ar. A

conparison of the relative con rs qf the exterlor surface” o

facepl & e SHFRACHLON| OhGtRAMARAE: aXiSs, (Y¥r¥), FRFRAcEivelys, 1&-% i s shown
in Fl GURE &edﬂghdﬁiaregagteﬁroeuffQgg @lcriden faxepl ate panel 12 is curved '
along both the maj or n Xes t urg alo the m

axi s being greater tha ?ﬁ% gu?ﬁﬁ? réﬂﬁlﬁﬁ?ﬁ%t #ﬁﬁhﬁ §§?§p£%chBaP§

portion of H2he MIpdﬁpEeryeafnuhe panelhd X cfurms od réetangiel atith the
ratio of 49 ither habed’ sEHRKA! ViR boie Y £IUNE SUELERCIEORLOUT Al ONG

t he n’B.J or a curva ure ong hé"mnor axis'is great er
t han 101 (ashgmntverth m\aslze% bln.neer anc HIGURE: 2ur \Bhis esareen bovdes or

axi s, howevygs réétﬁf@kiar” the central portion of the faceplate and greatly
I ncreases 25 near e edges, of the f ceplate., - In this one enbodi nent,

the curvature al ong t&lec‘l’ﬂ?%?lﬁ%’-s ' t’-}?é'-% 't'ﬂn?‘Wér‘FaEgpFEFe i's
greater thaxtdidenairfacer ¥t the ahg:epltalte ;pamm a2 saloNyt thehingndesi gnq

the S0 1 28Rt Exiaid padfFT aRi8. R a4 E1Gube pFe Hhe
substa5t|aeaterlcrrsurfaéeaoﬂ ﬂhelfacepmthJpanenlle is curved along
both the major ‘and minor axes, w1th the curvature along '
the minor axis being greater than the curvature along the
major axis in the  center portaon of the panel 12. For
example;  at the- center of the faceplate, the ratio of the
20 radius of curvature of the exter1or surface contour along
the major axis to the radius of curvature along the minor
axis is’ greater'than 1.1 (a greater . than 10% d1fference)
" The curvature along the major axis, however, is small in
the central portion of the faceplate and greatly 1ncreases_
25 near the edges of the faceplate. In this one embodiment, .\
the curvature ‘along the major axis, near the edges of the
faceplate, 1s greater than the general éurvature along the
minor axis. With this deslgn, the central portlon of_the
faceplate becomes flatter, while the- polnts of the ' _
30 faceplate exterlor surface at the edges of the ‘screen 11e
substantaally in ‘a plane P and deflne a substantlally
rectangular perzpheral contour'llne. The surface
curvature along the diagonal is selected to smooth the
transition between the different curvatures along the
35 - major and ‘minor axes. Preferably, the'curvature along the
minor axis is about 4/3 greater than the curvature along
the major axis in ‘the central portion of the faceplate.
However, the curvature along the minor axis also may be




‘rect angul ar peripherat contour Iine. The surface curvature al ong the
~di agonal is selected to smooth the transition: between the different

ycur %ag ur es along the 35 major and m no” axes. Preferably, the curvature
al | ong the mnor axis is about 4/3 great er than the curvature along the

Majof axis i e 0 Y curvature
al ong the mér:]él{rwg%lfseél g%aﬁaﬁlbﬁa %%JO@Cf%%a%talﬂ? ééﬂt‘l:%gj or axis at
the central pertiom and: increasc i @umume meEgr i the celdges o6 £t hhe

facepl at e. B.Va {gedhe di ffering curvatures along the 5 maj or and m nor

. axes, the p0|nts on the exterior_surface of the panel d|rectly opposite the-
edges of the screen 22BYi Bsipgsthet ddffering urvakures rleng these

subst antg al |1Najloﬁn§ixdpﬂiﬁb§ a%isn \thewhfﬁmdxhecﬁé EnteFiébheshaggekat e
panel 12, as n,,Fl GJRE face.

cont our, n e_exterior
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t he screen ZIZLe Stissténtialdigednt thet samel dliane rBS.ertmEselt o- a tel evision

The edge of SkeEaibisii? BIaARE PBYNCY Vi Sl 5GH Bh8 PhohEroE "
contour |inethe sfacepiabet panedl 12, ast ia EII&KRBDZ §m aheoptouphery
border 1¢f a j5d Us Eﬁetgﬁtéil%rsghiiﬁc@wr&é ﬁmug"ﬁ ﬁﬂ@tfachere Is an

i | lusion created t I cture ,- even epl ate pane

is curved oud %ﬂ9t2§11YaPoﬁ§c§BPEIFhé“ﬁﬂﬁﬂOQQQiQﬁrﬁ#e FpEURRe4
shows a frondcréény 23.t hehépadave svhe%tneﬂte;wwdlélméeﬁeeahﬂmbha
oo i o adeletaton, pBRERR, *a. uadA0R s, e ank S8 BEERL” oo
24 are shommary béleusedvaroﬁnd fheattbec, Mepeige B, suchFaGhlEed. The
K 2480°0 sk [EREREeS KR Wb bl SIS LRk ORI S T "
r also 1s substantlally in the plane P. Since the perlphery
horder of a picture on the tube screen,appears-to be
planar, there is an illusion created that the picture is
' 'flat, even though the faceplate panel is,curved;outwardly
20 along both.the major and minor axes. | :
o  FIGURE 4 shows a front view of the shadow mask.
24. The dashed lines 32 show the border of the apertured -
portion of the mask 24. The surface contours along the
major axis, X-X, the minor axis, Y-Y, and the diagonal of
25 the mask 24 are shown by the curves 5a, 5b and 5c,
— respectlvely, in FIGURE 5._ The maek 24 has a different
' curvature along 1ts major- axls than along 1ts minor axis.
The contour along the major axis has a slight curvature
near the center of the_mask and,greater curvature at the
30 51des of the mask. The contour of such a shadow mask can
be generally obtalned by descrlblng the major axis, X-X,
curvature as a large radlus czrcle over about the central
port;on of the major axls, and a smaller radlus c1rcle
~over the remainder of the major axis. However, more
35 speclflcally, the sagltal helght along the major axis
. varies substantlally as. ‘the fourth power of distance from
the minor axls, Y-Y. Sag;tal height is the“q;stance from
an 1mag1nary plane that is tangent to the center of the



- shown in solid curves  an

near the center of the mask and greater curvature at-the 30 si des of the
mask. The contour of such a shadow mask can be general ly obtained by
describing the major axis, X-X, curvatur@=as a large radius circle over
about the central portion of the major axis, and a smaller radius circle-
over the remai nder of the nmmjor axis. Fbmever nore 35  specifically, the
sagit al hei SWEfarengL; ﬁb&r&]ﬁﬁk-axfgmvmaﬁﬁﬁ& paxiadilel &o tthe fminoh

pover of digkx8¢eyEiyoMmiheudlUs ®d Ssmoothly Sdi! %&ﬁ%:l&i&e di stance
from an |nag|nar¥E§Iane that is tangent to.the,cente . --6- _surface

of the mas By k0uthe Feguined mask Reripherys and can singlydesat o
snoot hl y f |¢urmtnngova>1mw \«@i e dged haloaguithed masde Retidhersuend

ook oot opéek FHRESLE 13 “%?v%%éxb‘éf%%éﬁﬁ&s%ﬁw BRI oo
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duct se
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Morrel | on thetmel ezpansion chasmcteristics aﬁnonhdmasml aqnar\tatmre
col unm- t o- o} WllsRaERAIr 9., ‘ﬂ(fé&ﬁt%%r b, Oli selfadh R BSK 24,

ﬁ a°quadr ant ‘of a shadow
mask @dhstﬂﬂ%?%%lhs°ESJanHé§3iﬁﬁijQ?an pendlng Appli cation 2160354A

filed 28 May 1985, shpm @aglae ?faﬁg shewia elth@d apErtu@e verti cal

coordi nate of, the grag resents st ance, f; n1the or axis.  The’

hori zont al TUBHRRT pr (17 | B et /f ﬁ!ﬁ:l ng
whi ch, as Zshadmhalusknzﬁl GHBBwh :IJIS snmlrmdrveﬂﬁ‘ahhe 1&&1@1&4 nggof one

colum, £, WAH0EAT A aipaitahe U Unddoy Bpap BBl AT 0 10
each d§ ve desdeibéedOindonri peadmkje macugtmnmasoasaazmaam 201st
May - 1985, shown in dashed curves and’ labelled .
WF". The vertzcal coord;nate of the" graph represents '
distance from the major axis. The horizontal coordxnate
'represents the aperture column-to-column spaclng whlch, as.
20 shown in FIGURE 7, is measured from the centerline of one-
column to the centerline of the adjacent column Each
curve is’ numbered to 1dent1fy the space from the m;nor
axis that it represents.' For example, each curve marked
200 identifies the spac;ng hetween the 200th and 201st
25 aperture columns.. - - - : ;/
: In a prlor shadow mask, shown by the dashed
‘curves, the aperture column-to-column spaclng is unlform
along'and near the mznor axzs,'as 1nd1cated by the
stralght curves “F“-l and "F"-lso._ A sl;ght curvature can
30 be noted in line "F% 200, 1nd1cat1ng that the
column-to-column spacxng for space 200 1s sllghtly
'1ncreas1ng wrth d1stance from the maJor axls ~ Curves
"FY<300 and "F“-306 have con51derable bow in them,
1nd1cat1ng a substant1a1 1ncrease 1n column-to-column
35 spacing with 1ncreased d1stance from the maJor axis.
The aperture column-to-column spac1ng of the
improved shadow mask 24 dszers conszderahly from that of
the prior mask near the minor axis. As shown in FIGURE 6,




*25 aperture colums: In a pr| or, shadow frask, shown by the dashed curves,
the aperture col um-to-col um “spaging is. unlformal ong and near the m nor
{axi Sssas indicated by the straight curves.7-F -1 and "F"-150. A slight
scurvature can 30 be noted in line "F" 200, indicating that the
~ col Ufh-to-col umm spacing for space 200 is slightly increasing with distance

fromthe mgj cuheaapertm \mlﬂﬁi-ﬁoocomdmnFépa&&dgavm%r e tive embaari n
A FES

i'th i nor eac B SRR YR 1 FRPSanias" 8 S, i 3B

spaci ng of t Iaa!msrpra;s/eshm&m cucvefAVHI'+lor EY*50 andaNH X000 t N¥eanf

LQFU%I ?(r) gglgli}rf&n %am n zf@ ?é %\?eﬁe %Oggr lug‘)’(‘::sgg§%creasesl"u‘?:t'ﬁaerture

‘i ncreasi Rg dbeging | ightly| tncrease withbhincreasing «istamaqe frpmso

and "H'-100. trdeiiaidie ahbil iﬁ’aﬁﬁowﬁhﬁgaﬁﬁ&t 319 ght! Wehr L% Qlp@ spacing S
begins to Sl'%g“y |ncr ase Wth Irncrea |n8 di stance fromthe maj or axis,

as shown by {'Re ~i3%n iBPRIRG oL | thes irs NEPHERENNILNG ARGY Tuxe
][epf efﬁnt ing MW&-‘&dmtépi@im ip&ﬁbgﬁaﬂ M@ﬁiﬁg‘wﬁ&b dfEéi NERe
romthe mnor_axis urves

slightly. dec P20 dﬁlﬁ'hea%\,\%&%cbl'hguﬁggﬁ gs'%&% ﬂ@%e% ‘#&fb#ﬂ'&?l ng
clurve tﬁb SOil\mght]gurdecféasaﬂOat'ltheap?d&sr efcw,cds].cjmm;h;el n?h

- alon e majQr.a Xip wigdde four
powe? of d-i-sjtsance)ﬂfyrscéré%a?fn&io x(ig'?s‘ﬁﬁ gpéee'}g cﬁ% g'lugar eé:arrpl e shown
in FIGURE 6, this nmaj orTheiapeskure| onlum-m»so@m Gmng along the
appr oxi mat'el y m;\;b‘ir dxiz iHtredddd la gﬁfﬁiiiﬁat&i b aied c@.eaé £ he

aperture col um-to-col urm spac] ng ration s mre conplex an varil es
appr oxi mat el. FoRF th paver 9% figtance —from the, minogeaxis.hde:the b and ¢
20  argsdi fioamwllﬂctemipré sHéwR 0fa" PIGURENG , dithizgnamajioroatie naj or
. axis, andX|sthe dlinancefro &Egmnor axi.s. . 4
~ variation mils (mm T 0254) is appronmately. A= 30 + 00185x
, However, off the major axis, the aperture column-to-colum
spacing variation is more complex and varies approxmte;y'

as the equation: Agp =a+ bx2 4

+ cx”; where: a, b and ¢
20 are different functions of the square of the distance from
the major axis, and x is the distance from the minor axis.
' ) The screen 22 of the tube 10 is formed in a
known photographic process that uses the shadow mask 24 as
a photographic master. As mentioned above, there is a
(L 25 problemfthat occurs when a linear light source is used
" during an exposure step of the photographic process. This
p;oblemfis_a misalignment of the image of the linear light
‘source with the centerlines of the phosphor lines. This
_ misalignment also referred to as ﬁskew error", broadens
30 the light intensity distribution used to print the
- phosphor lines and thereby increases the sensitivity of
the phosphor width to light exposure, thus maklng the
control of line width more difficult. 1In the prior art,
compensatlon has been made for this skew error by various
35 means, including a zonal exposu:e technique of
' synchronizing a tilt of the linear light source with a
sequential exposure of different screen areas, such as
shown in U.S. Patent No. 3,888,673, issued to Suzuki



The screen 22 of the tube 10 is forned i n—a known photographi c process that
uges the shadow mask 24 as a phot ographic master. As nentioned above, there
is a 25 probl em that occurs when a |inear |ight source is used duri ng"an
. exposure step of the. photographic pr ocess. This problemis a msalignnment -
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f-9 CLAIMS 1. A color picture tube haV| ng ‘a shadow mask no m‘\H“\
.line-screen, said shadow mask ‘conprising 5 a plurality of sl:“ H

»aper&ures therel n located in colums, said,|line screen having=a ¢

substantial ly rectangul ar periphery with T opposi ng | ong sides and t wo
opposi ng short sides, a major axis of said screen being an axi s passing

t hrough the center of the screen and -cem 10 extending through the
short sides, and a mnor axis of said's eing.an axis passing through
the center of the screen and-central ly extendi ng through t he | ong sides,
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descri bef'OWéﬁéﬁﬁi&“ﬁﬁr&ﬁghhﬁhacgﬁmn)éhﬁgsqr%‘Hd‘%s midbr axis of said
screen being an axis passing through the center of the
screen and centrally extending through the long sides, and
said screen comprising cathodoluminescent lines generally
extending in the same direction as the minor axis; wherein
15 the cathodoluminescent lines of said screen, in plan front
view, first increase in curvature and then decrease in
" curvature with increasing distance of successive lines from .
the minor axis, to become approximately straight at the
short sides of the screen, the curvature of the lines being
concave facing the minor axis.
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2. The tube as defined in Claim 1, wherein said
cathodoluminescent lines are straight at the minor axis and
at the two short sides of said screen and curved in an area
N\ . ~ between the minor axis and the short sides of said screen.

25 _ 3. A color 'picture tube substantially as-

‘hereinbefore described w:.th reference to the accompanylng
drawings.
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